INTRODUCTION
Morinda citrifolia L. (Rubiaceae), commonly known as "noni" or "Indian mulberry", is a small tree found across Polynesia 1) . The roots, barks, stems, leaves, and fruits have been used traditionally as a folk remedy for many diseases including diabetes, hypertension, and cancer [2] [3] [4] [5] . Furthermore, "noni juice", which is made from the fruits of this plant, is widely consumed today for the purported prevention of lifestyle-related diseases such as diabetes, hypertension, cardiopathy, and cerebral apoplexy caused by arteriosclerosis 3, 5) . In the course of our search for potential bioactive compounds from natural sources 6) , we have found that an iridoid glycoside and some saccharide fatty acid esters isolated from the fruit extract of M. citrifolia exhibited potent anti-inflammatory activities on 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced ear edema in mice 7) . We now report, in this paper, that our continuing work on the constituents of M. citrifolia fruit extract led to the isolation and characterization of six new ( , , , , , and ) along with 11 known glycosidic compounds. In addition, we report here that most of these glycosidic compounds exhibited potent melanogenesis inhibitory activities in the a-melanocyte-stimulating hormone (a-MSH)-stimulated B16 melanoma cells with no or almost no toxicity to the cells. points were determined on a Yanagimoto micro melting point apparatus and are uncorrected. UV spectra, using a JASCO V-630 BIO spectrometer, and IR spectra, using a Perkin Elmer Spectrum One spectrometer, were recorded in EtOH and KBr disks, respectively. NMR spectra were recorded with a JEOL ECX-400 ( 1 H, 400 MHz; 13 C, 100 MHz), JEOL ECX-500 ( 1 H, 500 MHz; 13 C, 125 MHz), or with a JEOL ECA-600 ( 1 H, 600 MHz; 13 C, 150 MHz) spectrometer in CD 3 OD with tetramethylsilane as an internal standard. High-resolution (HR)-ESIMS were recorded with positiveion mode on an Agilent 1100 LC/MSD TOF (time-of-flight) system. Silica gel (Silica gel 60, 220-400 mesh, Merck), octadecyl silica gel (ODS) (Chromatorex-ODS, 100-200 mesh; Fuji Silysia Chemical, Ltd., Aichi), and Diaion HP-20 (Mitsubishi Chemical Co., Tokyo) were used for open column chromatography. Reversed-phase preparative HPLC (with a refractive index detector) was carried out on ODS columns (25 cm ◊ 10 mm i.d.) at a flow rate of 2.0 mL/min of the eluent, on a Capcellpak AQ 5 mm column (Shiseido Co., Ltd., Tokyo) with MeOH-H 2 O-AcOH at a ratio of 30:70:1 (HPLC system I), 20:80:1 (HPLC system II), or 15:85:1 (HPLC system III) as the mobile phase, or on a TSK ODS-120A 5 mm column (Toso Co., Ltd., Tokyo) with MeOH-H 2 O-AcOH at a ratio of 50:50:1 (HPLC system IV).
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The source of the fruits of Morinda citrifolia L. was described in our previous article 7) . Chemicals and reagents were purchased as follows: Fetal bovine serum (FBS), Dulbecco's modified Eagle medium (D-MEM), penicillin-streptomycin, and trypsin-EDTA from Invitrogen (Auckland, New Zealand), arbutin (4-hydroxyphenyl b-D-glucopyranoside), a-melanocyte stimulating hormone (a-MSH), and thiazolyl blue tetrazolium bromide (MTT) from Sigma Chemical Co. (St. Louis, MO, USA), and Dulbecco's phosphate buffered saline(-) [PBS(-)] from Nissui Pharmaceutical Co. (Tokyo).
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Air-dried and powdered fruits (1.31 kg) from the fresh fruits (24.6 kg) of M. citrifolia were extracted three times with MeOH (reflux, 3 h) to yield a MeOH extract (228 g). This extract was suspended in H 2 O and partitioned successively with CHCl 3 , ethyl acetate (EtOAc), and n-butanol (nBuOH) to yield CHCl 3 -(13.1 g), EtOAc-(10.6 g), n-BuOH-(61.0 g), and H 2 O-(120.8 g) soluble fractions sequentially.
A portion (8.9 g) of the EtOAc-soluble fraction was chromatographed on a silica gel (300 g) column, which was eluted successively with solvents of increasing polarity [EtOAc-MeOH (1:0 0:1)] to afford 9 fractions, E1-E9. A portion (500 mg) of fraction E4 (2436 mg) from the eluate of EtOAc-MeOH (7:3) was passed through ODS column with CHCl 3 -MeOH (7:3 0:1), and the fractions obtained were purified by preparative HPLC (HPLC system I) to yield compounds (6.0 mg), (4.4 mg), and (4.9 mg).
A portion (50.8 g) of the n-BuOH fraction was subjected to chromatography on a Diaion HP-20 (420 g) column. A step gradient elution was conducted with H 2 O-MeOH (1:0 0:1) to give fractions B1 (18.0 g; from the eluate of 100% H 2 O), B2 (8.7 g; 30% MeOH), B3 (6.8 g; 50% MeOH), B4 (3.5 g; 80% MeOH), and B5 (0.7 g; 100% MeOH). A portion (7.7 g) of fraction B2 was passed through silica gel (300 g) column [eluent: EtOAc-MeOH (1:0 3:2)] to give eight fractions, B2a-B2h, listed in increasing order of polarity. Application of HPLC (system I) to fraction B2c (108 mg) gave compound (24.5 mg). Fraction B2e (502 mg), using HPLC system I, yielded compounds (46.0 mg) and (3.7 mg). Fraction B2f (1813 mg) was subjected to separation with HPLC systems I and III to afford eventually compounds (5.0 mg), ( 
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Identification of the following 11 compounds was performed by 1 H NMR and MS comparison with the corresponding compounds in the literature: asperulosidic acid ( ) [7] [8] [9] , deacetylasperulosidic acid ( ) [7] [8] [9] [10] , scandoside methyl ester ( ) 10 7, 14) , and 2',6 
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B16 murine melanoma cells, purchased from Riken Cell Bank (Tsukuba), were cultured in D-MEM supplemented with 10% FBS, 100 units/mL penicillin, and 100 mg/mL streptomycin at 37 ˚C in a humidified CO 2 controlled (5%) incubator.
Cell proliferation was assessed using the MTT based colorimetric assay. B16 cells, pated at 5 ◊ 10 3 cells/well, were pre-incubated for 24 h in a 24-well culture plate. After then, test samples, dissolved in dimethyl sulfoxide (DMSO) at final concentration of 100 mM, were added to the medium and the cells were cultured for 96 h. MTT (50 mL, 5 mg/mL in phosphate-buffered saline) solution was added to the wells, and, after 3 h of incubation, 2-propanol containing 0.08 M HCl was added to dissolve the formazan produced in the cells. The absorbance of each well was then read at 570 nm (reference, 630 nm) by using microplate reader (Sunrise-Basic, Tekan Japan, Co., Ltd., Tokyo). The optical density of formazan formed by control cells was used as a reference (assumed to be 100%). Preliminary experiment, done under the presence of a-MSH (100 nM) without test sample, suggested that a-MSH has almost no toxicity to the cells (cell viability: mean ± S.E. = 96.7 ± 5.64%, n = 3).
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B16 cells were pre-incubated by the same way as above. After then, test samples, dissolved in DMSO at final concentration of 100 mM, and a-MSH (100 nM) were added to the medium and the cells were cultured for 96 h. The medium was removed and the cells were dissolved in 200 mL of 2 M NaOH containing 10% DMSO. The amount of melanin was determined spectrophotometrically by absorbance at 405 nm using microplate reader. The optical density of control cells was assumed to be 100%.
RESULTS AND DISCUSSION
Seventeen glycosidic compounds, including four iridoid glycosides ( -), five hemiterpene glycosides ( -), and eight saccharide fatty acid esters ( -) were isolated from the EtOAc-and n-BuOH-soluble fractions separated from a MeOH exract of the fruits of Morinda citrifolia ( ). Among these, six compounds, , , , , , and , are new.
The molecular formula of compound was determined to be C 17 H 24 O 11 on the basis of its HR-ESIMS ([M + Na] + , m/z 427.1217). Its UV spectrum showed an absorption maximum similar to that of asperulosidic acid ( ) 8, 9) with a maximum at 233 nm, suggesting the presence of a,b-unsaturated carbonyl moiety. The IR spectrum indicated the presence of hydroxy (3434 cm 13 C NMR spectrum of were very similar to those of 6-O-methyl deacetylasperulosidic acid methyl ester 16) , except that the absence of an ester methoxy signal at C-11, suggesting that possesses the structure, 6-O-methyl deacetylasperulosidic acid. However, compound exhibited the 1 16) . These differences in chemical shift for H-1 and H-9 signals, and in the coupling constant for H-1 doublet signal, indicated that the relative stereochemistry and the dihedral angle between H-1 and H-9 in could be different from those of 6-Omethyl deacetylasperulosidic acid methyl ester. The NOESY spectrum of revealed strong NOE interaction between H-1 and H-9 confirming that these protons were on the same face of the molecule ( ). The significant NOE interaction between H-5 and H-6 established that these protons were on the other face of the molecule. Since most of the naturally occurring iridoid glycosides have been reported to possess an a-orientation for H-1 18) , in the structure of , H-1 and H-9 have been designated as a, whereas H-5 and H-6 as b. According to molecular models, there is greater rigidity and less flexibility in the transfused system than in the usual cis-fused iridoids, and hence the NOE interactions observed in the NOESY spectrum of should be considered conclusive. The above evidence, coupled with the analysis of 1 H-1 H COSY, HMQC, and HMBC spectra, indicated that possesses the structure, 9-epi-6a-methoxy geniposidic acid (9-epi-6-O-methyl deacetylasperulosidic acid). The only previously known iridoid glycoside possessing a trans-fused cyclopentanopyran ring system with H-5b and H-9a, as in , is 6,9-epi-8-Oacetylshanziside methyl ester isolated from Eremostachys glabra (Lamiaceae) 17) . 20) suggested that the terminal glucose unit is connected to C-2' of the inner glucose. In addition to signals for sugars, the 1 O-12) . This evidence was used to propose the structure of as 3-methylbut The melanin content was reduced to 80.5% by addition of the MeOH extract (100 mg/mL) to an incubation medium of the B16 melanoma cell. The MeOH extract was then fractionated into n-hexane-, MeOH/H 2 O-, EtOAc-, n-BuOH-, and H 2 O-soluble fractions. The MeOH/H 2 O fraction followed by n-hexane fraction suppressed significantly the melanin content (2.0% and 62.4%, respectively, of melanin content at 100 mg/mL). Most or some of the inhibitory activity of these fractions is, however, thought to be due to their cytotoxic action since these reduced cell viability (15.7% and 85.1% of cell viability, respectively, at 100 mg/mL) ( ). On the other hand, the three other fractions exhibited marked inhibition of melanogenesis (melanin content 67.2-75.1% at 100 mg/mL) with no or almost no toxicity to the cells (92.5-101.3% of cell count at 100 mg/mL). The EtOAc and n-BuOH fractions were, as described above, further investigated for their constituents in this study to afford three compounds, -, from the EtOAc fraction, and 15 compounds, , -, from the nBuOH fraction.
All of the 17 compounds were evaluated for their melanogenesis inhibitory activity. By addition of these compounds at the concentration of 100 mM to an incubation medium of the a-MSH-stimulated B16 melanoma cell, all of the compounds, except that compound (melanin content 76.6%), showed remarkable inhibition of melanogenesis (melanin content 44.3-66.3%). Among the 16 highly inhibitory compounds of melanogenesis, 13 compounds ( , , , -, and ) exhibited no or almost no toxicity to the cells because cell viabilities were 90.6-116.2% ( ). Three other compounds, , , and , showed a slight cytotoxicity to the B16 cells (cell viability 81.8-88.8%). The inhibitory activity of melanogenesis of 13 compounds (melanin content 50.7-66.3%), , , , -, and , was superior to a known melanogenesis inhibitor, arbutin (70.4% of melanin content at the same concentration), which has been recognized as a useful depigmentation compound for skin whitening in the cosmetic industry 24) . From the results of the anti-melanogenesis test in the a-MSH-stimulated B16 melanoma cells in the present study, it appears that some of the iridoid glycosides, hemiterpene glycosides, and saccharide fatty acid esters from the fruits of M. citrifolia may be valuable as potential skin whitening agents. As far as concerned with the hemiterpene glycosides, diglycosides ( -) exhibited higher anti-melanogenesis activity than a monoglycoside ( ). Whereas it has recently been reported that an iridoid glycoside, loganin (loganic acid methyl ester), isolated from Cornus officinalis (Cornaceae), exhibits an anti-melanogenesis activity 25) , this study seems to be the first instance for the demonstration of hemiterpene glycosides and saccharide fatty acid esters to possess anti-melanogenesis activity in B16 melanoma cells.
